Aortic stenosis (AS) is a life-threatening comorbidity of cancer patients. Aortic valve replacement (AVR) should be considered for some cancer patients, but neither the characteristics nor prognosis under conservative therapy is well known.
C
ancer and cardiovascular disease are the two major causes of death in developed countries. [1] [2] [3] Aging, smoking, diabetes, obesity, and physical inactivity are risk factors for both cancer and cardiovascular disease. [2] [3] [4] Therefore, cancer patients often have cardiovascular comorbidities, and patients with cardiovascular diseases often have cancer.
Aortic stenosis (AS) is the most common valvular heart disease in the elderly population. Aortic valves that are calcified, thickened, and have reduced openings are often observed in adults of advanced age (2-12% of the population > 65 years old). 5, 6) Severe AS is common among the elderly; the prevalence was reported to be 3%. 7) AS is occasionally diagnosed in cancer patients undergoing treatment.
Cancer patients with AS are generally elderly, and their prognosis is limited. 8, 9) Aortic valve replacement (AVR) is currently the only treatment that effectively improves survival in non-cancer patients with AS; [5] [6] [7] [8] [9] [10] [11] this procedure, however, may not be beneficial for cancer patients with AS, because the life expectancy of a patient with advanced cancer may already be too short to justify treatment of AS. 8, 9) The appropriate application of AVR to AS patients with cancer is important for both patients and healthcare practitioners because the benefit to patients and limited medical resources must be balanced. Prognosis and prognostic factors of patients with AS and cancer are necessary for choosing an appropriate therapy, e.g., whether AS or cancer should be treated first and which cancer therapy should be attempted (surgery, chemotherapy, or radiation therapy). However, there are few reports about patients with both AS and cancer. Cancer stages and the severity of AS have never been evaluated collectively. Therefore, to clarify the prognosis and prognostic factors of cancer patients with AS, we conducted a retrospective study at our cancer center hospital.
Methods
Patient selection: In our hospital, systemic screening is performed before cancer therapy. All patients in our hospital go through a physical examination, 95% of the patients have electrocardiograms, and 53% of the patients undergo chest radiography. If necessary, cancer patients are referred to cardiologists (Y.O., T.T., K.O.), and 23% of the patients undergo transthoracic echocardiography. We searched our echocardiography log for cancer patients with AS between 2005 and 2014, and 92 patients (54% female) were included in the study. To compare the survival curves, 470 control patients without AS were selected from our cancer registry. AS was defined through two-dimensional imaging as thickened leaflets with reduced systolic opening associated with an increased velocity across the aortic valve (> 3.0 m per second) or a mean gradient > 25 mmHg, or an aortic valve area (AVA) < 1.5 cm 2 . Moderate to severe aortic regurgitation was excluded. Review of patients: All medical records of the selected patients were reviewed, and their clinical data were collected and summarized according to a predetermined protocol. If a patient had echocardiography recorded multiple times, only the record just before cancer therapy was chosen. For patients who underwent noncontrast chest computed tomography (CT) for cancer diagnosis, calcifications of the aortic valve were evaluated. The number of slices with valve calcification was counted in every 5 mm of slice thickness in the transverse plane. Outcome measures: Our hospital maintains a cancer registry and regularly updates clinical information and the vital status of patients. The date of initial diagnosis, clinical stage at diagnosis, date of operation, and date of death were obtained from the registry. Date of AS diagnosis was obtained from medical records. The total number of cancer patients in our hospital during the research period was obtained from the hospital registry. Control patient selection: To clarify the influence of AS on the survival of cancer patients, survival curves from the date of cancer therapy were compared between cancer patients with AS and their controls without AS. The choice of controls was made by cancer registrars (C.F. and T.S.) who did not know the purpose of this study. Registrars strictly followed a predefined protocol. Five control cancer patients without AS were selected for each cancer patient with AS, matched for age, gender, date of underlying cancer diagnosis, clinical stage of underlying cancer, histology, and therapy. Almost all patients had a physical examination and an electrocardiogram. To ensure that the control patients did not have AS, we checked echocardiography reports and chest CT, if available. We excluded any case for which the aortic valve had calcification in more than two slices in CT. Statistical analysis: To estimate the approximate prevalence of AS, the proportion of AS in each gender and age group was calculated using the following equation:
Number of cancer patients with AS/Total number of cancer patients × 100 (%).
Baseline data were compared between the AVA < 0.75 cm 2 
Results

Characteristics of cancer patients with AS:
Demographic characteristics We identified 111 patients with AS from among 26,235 patients with cancer. Among these 111 patients, 15 were excluded because AS was diagnosed several years after completion of cancer therapy. Three patients who underwent AVR before cancer therapy owing to decompensated heart failure were also excluded. We excluded one female patient who had changed therapy from a conservative one to AVR. Ultimately, 92 cancer patients with AS diagnosed just before cancer therapy were included in the study. The majority (54%) were females (Table I) , who were significantly older than the males (81.6 ± 6.3 versus 77.6 ± 6.7 years; P = 0.006). Proportion of AS patients among cancer patients in relation to age and gender The proportion of AS patients among cancer patients "60 years old was 0.4% for males and 0.7% for females ( Figure 1 ). This proportion increased sharply after the age of 80 years for females, reaching 2.2% for patients in their 80s. Sites of current cancers and stages Stomach, blood, and urinary bladder cancers were the major sites of current cancer (Supplementary Table) . Stomach, urinary bladder, and lung cancers were dominant in males, and breast, skin, blood, and stomach cancers were dominant in females (data not shown). Breast cancer was dominant in AS with AVA < 0.75 cm 2 than in AS with AVA "0.75 cm 2 (P = 0.049). Cancers were assessed with the TNM staging system and a stage of I, II, III, or IV was assigned. The number of patients with stage I, II, III, and Okura, ET AL 3.7 ± 0.6 3.6 ± 0.7 3.7 ± 0.6 0.662 Total bilirubin (mg/dL) 0.9 ± 1.5 0.9 ± 0.6 0.9 ± 1.7 0.144 Hemoglobin (g/dL)
11.7 ± 2.0 11.2 ± 2.1 11.9 ± 2.0 0.108 Creatinine (mg/dL) 0.9 ± 0.3 0.9 ± 0.4 0. IV were 32 (35%), 11 (12%), 17 (19%), and 18 (20%), respectively (Table I) . Fourteen patients (15%) were not staged because of leukemia, lymphoma, sarcoma, unspecified primary sites, or other reasons. Past history of cancer and cancer therapies Thirty-nine patients had past histories of cancer (Table I) . Among the patients with AS, 28% had surgery, 20% had chemotherapy, and 19% had radiation therapy. Stomach and breast cancer were the major sites among all patients (Supplementary Table) . Stomach, colon/rectum, and blood cancers were dominant in males, and breast and stomach cancers were dominant in females (data not shown). Associated comorbidities Documented present or past histories of comorbidities are shown in Table 1 . Hypertension, diabetes, and dyslipidemia were prevalent comorbidities (85%, 33%, and 41%, respectively). Chronic heart failure was more dominant in AS with AVA < 0.75 cm 2 than in AS with AVA !0.75 cm 2 (P = 0.010). Gender differences are not listed in the Tables; ischemic heart disease and chronic heart failure were more common in males (48% and 38%, respectively) than in females (14% and 18%, respectively). Notably, a history of smoking was substantially more prevalent in males (79%). Cerebrovascular diseases were common in both males (26%) and females (29%). Echocardiographic data Mean AVA was 1.0 ± 0.3 cm 2 in all cancer patients with AS (Table I) . A slightly thickened left ventricular (LV) wall, enlarged left atrium (LA), and elevated E/e' were often observed. E/e' was significantly larger in the AVA < 0.75 cm 2 group than in the AVA ! 0.75 cm 2 group (P = 0.040). In almost all patients, LV ejection fraction (EF) was preserved, and no significant difference was observed between two groups.
Calcification of the aortic valve in CT Among the 92 patients, 69 (75%) underwent chest CT for cancer diagnosis (Table I ). All patients showed calcification of the aortic valve over several slices in 5-mm intervals. Therapies for concurrent cancer with AS: Of the 92 patients, 59 (64%) had surgery, 23 (25%) had chemotherapy, and 15 (16%) had radiation therapy in addition to chemotherapy (Table I) . Ten patients (11%) had supportive care but no therapeutic care. All patients had conservative therapy for AS. Characteristics of controls: Five controls without AS were usually selected for each cancer patient with AS. In some cases, 4 or 6 controls without AS for each patient were selected. In the end, there were 470 patients who served as controls. Age (79.0 ± 6.3 years), male gender (46%), height (153.8 ± 9.2 cm), body weight (51.6 ± 9.8 kg), and hemoglobin (12.0 ± 2.2 g/dL) of the control patients were not significantly different from those of AS cases. Echocardiography was performed in 192 control patients (41%) and no AS was detected. LV and LA geometry was within normal limits (LV diastolic dimension 4.6 ± 0.6 cm, LA dimension 3.8 ± 0.8 cm, interventricular septal thickness 1.0 ± 0.2 cm, posterior wall thickness 1.0 ± 0.2 cm). Functionally, LVEF was 71.1 ± 9.2 % and E/e' was 8.9 ± 3.3. Among the 470 control cases, 331 (70%) underwent chest CT. The mean number of slices showing calcification of the aortic valve was 0.4 ± 0.7 in the control group, which was significantly less than in AS patients (P < 0.001). There were 74 control cases (16%) who had neither chest CT nor echocardiography.
Survival outcomes:
All patients and controls Forty-four patients with AS (48%) died during the 5-year follow-up period. The cause Okura, ET AL of death was established for all patients. The cause of death was attributed to cancer progression in 26 (59%), heart failure in 10 (23%) (2 due to cardiac sudden death), stroke in 4 (9%), pneumonia in 3 (8%), and respiratory failure in 1 (3%). Of the 10 heart failure deaths, 6 occurred in cancer patients with severe AS (AVA < 0.75 cm 2 ). Among the cancer patients without AS (matched controls, n = 470), 213 deaths (45%) occurred during the 5-year follow-up: 179 (84%) were attributed to cancer progression and only 6 (3%) to cardiovascular issues. Heart failure-attributable death was significantly greater for patients with AS than for control patients without AS (P < 0.001). Figure 2 shows the proportions of causes of death stratified by cancer stage and quartile of AVA. Heart failure deaths were dominant in the stage I and II group, especially in AVA quartile 1. However, cancer death was dominant in the stage III and IV group, regardless of quartile.
The survival curves of cancer patients with AS and without AS (matched controls) are shown in Figure 3 . The probability of overall survival was similar for cancer patients with AS and their matched controls (P = 0.175; Figure 3A) . Cancer patients with AVA !0.75 cm 2 had survival similar to their matched controls (P = 0.944); however, cancer patients with AVA < 0.75 cm 2 had significantly worse prognoses than their matched controls (P = 0.014; Figure 3B) . Stage I or II, stage III or IV patients, and controls Stage I or II cancer patients with AVA !0.75 cm 2 had survival similar to their matched controls (P = 0.392); however, patients with AVA < 0.75 cm 2 had significantly worse prognoses than their matched controls (P = 0.016; Figure  3C ). For patients with stage III or IV cancer, survival of those with AVA < 0.75 cm 2 or those with AVA !0.75 cm 2 did not differ significantly from that of their controls (Figure 3D ).
Patients and controls in their respective treatment groups
All cancer patients with AS underwent surgery, chemotherapy, radiation therapy, or supportive therapy for their cancer. Because AS increases perioperative risk, the surgeons, anesthesiologists, and cardiologists examined cancer patients with AS and discussed the indication and risk before surgery. For cancer patients who underwent surgery, the probability of overall survival was similar for cancer patients with AS and their matched controls (P = 0.997, data not shown); however, cancer patients with AVA < 0.75 cm 2 had significantly worse prognoses than their matched controls (P = 0.039; Figure 3E ). For cancer patients who did not undergo surgery but had chemotherapy with or without radiation therapy, the probability of overall survival was similar for cancer patients with AS and their matched controls (P = 0.462, data not shown), and the survival of those with AVA < 0.75 cm 2 or AVA ! 0.75 cm 2 did not differ significantly from that of their controls ( Figure 3F ). Among cancer patients who did not undergo any therapeutic care but only had supportive care, cancer patients with AS had significantly worse prognoses than their matched controls (P = 0.005, data not shown); however, the subgroups in AVA were too small for reliable analysis. Predictors of mortality: Older age at diagnosis, recent syncope, chronic heart failure, and AVA < 0.75 cm 2 were significantly associated with death; stage I or II, dyslipidemia, and relatively large AVA were inversely significantly associated with death (Table II) . Owing to the high correlation between chronic heart failure and smaller AVA, these two pairs of variables were entered into the model as interaction terms (chronic heart failure or AVA < 0.75 cm 2 ) to avoid collinearity. Ultimately, older age at diagnosis, advanced cancer stage, absence of dyslipidemia, recent syncope, and chronic heart failure or AVA < 0.75 cm 2 were significantly and independently associated with poor survival (Table II) .
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Hazard ratios for survival were calculated in the Cox proportionate hazard regression model. Eight subgroups were made from each AVA quartile and cancer stages I-II and III-IV. Each subgroup included AS patients and their matched controls. Hazard ratios of the presence of AS are presented in Table III . In the stage I-II cancer group, the hazard ratio of the presence of quartile 1 AS was 3.04 Okura, ET AL (95% CI 1.18-7.84, P = 0.021). However, for the other 7 subgroups, the presence of AS was not a significant predictor of poor survival.
Discussion
AS is the most common valvular heart disease in the elderly population. 8, 9) AVR is currently the only treatment for improvement of survival in non-cancer patients with AS.
5) However, the majority of patients with severe AS do not undergo AVR. Bach, et al pointed out that many patients are not referred for surgical consultation despite being good candidates who are likely to benefit from AVR. 10, 11) AS is also the most common valvular heart disease in cancer patients undergoing cancer treatment. Cancer patients with AS are generally elderly. 8, 9) Cancer treatment teams are often reluctant to recommend AVR to cancer patients with AS because of its invasiveness and the limited life expectancy of such patients. Cancer patients often decline immediate AVR for 3 reasons: they do not have symptoms of AS, AVR is a second priority after cancer therapy, or patients are of advanced age or frailty. Therefore, some cancer patients with AS might have been inappropriately denied access to AVR, which is a potentially life-saving therapy.
Recently, both the invasiveness of AVR and life expectancy with cancer have been improved. 3, 12) Transcatheter AVR (TAVR) has been rapidly established as the treatment choice for AS patients with prohibitive conditions for surgical AVR (SAVR) because it is less invasive than SAVR. 7, 9) Furthermore, patients with earlier-stage cancers have better chances of survival that are similar to those for other chronic diseases.
3) Thus, cancer patients should be considered for AVR and, therefore, it is important to clarify their prognosis and prognostic factors. However, AS associated with cancer is rare, and the characteristics of these patients and their prognoses are seldom reported. 8, 9) Our Japanese cohort was older and had a higher proportion of females than the US cohort reported by Yusuf, et al. 8) The high prevalence of hypertension, diabetes, dyslipidemia, ischemic heart disease, and heart failure in our cohort was consistent with those features of the US cohort. The high prevalence of these comorbidities was also observed in the Japanese registries OCEAN TAVI (AS associated with cancer, n = 47) 9) and CURRENT AS (AS, n = 1517); 13) however, the prevalence of these comorbidities was highest in our cohort. Although a precise comparison between these reports is not feasible because of the different methods of assessment, an elderly cohort with both cancer and AS, such as our cohort, may have a high prevalence of comorbidities. Common risk factors between cancer and atherosclerosis such as aging, smoking, dyslipidemia, and diabetes may have an important role in the accumulation of comorbidities in cancer patients with AS. 3, 5, 14) A history of cancer therapy may partially cause progression of aortic valve sclerosis. 15, 16) The prevalence of AS in the Asian population has never been reported. Hospital-based studies and registries have not reported their origins of population and numbers of patients in background. 9, 13, 15) Therefore, we have never even speculated on the prevalence of AS. The prevalence in our study, i.e., 0.4% for males and 0.7% for females in cancer patients over 60 years old, was less than 3% of that of the general population in the United States. 7) A comparison is not feasible because of the different methods of assessment. Not all cancer patients underwent echocardiography. Our prevalence did not calculate from total enumeration, therefore, it depended on the frequency of echocardiography. Among control patients (age 78.9 ± 6.3; the elderly population matched with our 92 AS patients), 41% of cancer patients underwent echocardiography. A crude estimate of the prevalence can be calculated by dividing the AS prevalence (e.g. 0.4 or 0.7%) by the frequency of echocardiography (e.g. 0.41). Accordingly,
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we speculate that the approximate prevalence of AS in the cancer cohort in their late 70s might be 1% for males and 2% for females.
Our study revealed that patients with advanced stages of cancer had poor prognosis regardless of AVA. This was consistent with OCEAN TAVI, in which cancer metastasis was associated with increased mortality despite successful TAVI.
9) The life expectancy of a patient with advanced cancer was too short for problems associated with AS to manifest. In contrast to patients with advanced-stage cancers, early-stage patients with AVA < 0.75 cm 2 had significantly worse prognoses than their matched controls. AVA < 0.75 cm 2 has been reported to be a critical threshold for prognosis in non-cancer populations; [17] [18] [19] [20] we confirmed that this threshold is also critical in our cancer population.
Our results indicate that early-stage cancer patients may benefit from AVR. Oncologists at certain cancer centers often avoid prescribing SAVR immediately after cancer therapy. Cancer patients usually recover from therapyassociated disabilities and manage to adapt to posttreatment conditions; [21] [22] [23] therefore, they are often unwilling to undergo SAVR in succession. However, the majority of our stage I patients did not reach the average life expectancy, and our prognostic factors coincided with those reported in the literature. [24] [25] [26] Therefore, we conclude that severe AS has a negative influence on prognosis, especially for our early-stage cancer patients, and thus AVR should be considered immediately after cancer therapy.
Our data reveal that cancer patients with AS who had high LDL-cholesterol or drug therapy had better survival. Most patients with dyslipidemia had taken statins. Nielsen, et al reported that statin use reduced cancerrelated mortality in a large observational study.
27) The favorable effects of statins for both cancer immunity and atherosclerosis might explain the benefit on survival of cancer patients with AS. However, selection biases such as healthy-user bias (patients who are expected to live a long time are preferably prescribed statins for prevention of cardiovascular events in the future) and survivor bias (patients who had taken statins are survivors of cardiovascular disease and have the potential to survive) also might have caused the benefit seen in our observational study. 28) Therefore, our data do not prove the therapeutic benefit of statins for cancer patients with AS.
The present study has several limitations. First, the study was a retrospective and observational study. 29) A prospective study is preferable for the precise assessment of AS burden on cancer patients. Second, we did compare cancer patients with AS and their matched controls without AS, but we could not compare cancer patients with AS according to AVA in each cancer. Therefore, we could not specify to which cancer type and stage our results applied. Third, selection bias by physicians exists. Cancer patients in the terminal stage may not have been recommended to undergo echocardiography and thus may have been inadvertently excluded from this study. In contrast, cancer patients at earlier stages were more likely to have undergone echocardiography and to have been included in this study. Fourth, the existence of AS may not have been completely excluded from the control group because echocardiography was not conducted for all control cases. Instead, we evaluated chest CT and excluded AS by our own calcification scale. Chest CT has been reported to be highly sensitive for detection of AS. 30) Eighty-four percent of control patients had undergone either echocardiography or chest CT. Furthermore, all patients had medical evaluations before cancer treatment. We believe that the existence of AS in the control group is unlikely. Fifth, the cause of death was based on that reported on the death certificate. Causes of death that were related to cancer and those that were not could not be consistently distinguished with high accuracy. Similarly, heart failures related to AS and those that were not might not have been distinguished properly. However, we had no way to judge the cause of death except by relying on information provided by the doctors who cared for the dying patients, and thus we believe that our method was fair.
We herein reported AS with cancer in our cancer center hospital. The patients were generally elderly and had frequent past histories of cancer and high comorbidities of atherosclerotic, cerebrovascular, and cardiovascular disease. Cancer patients at earlier stages may, on average, have shorter survival because they are generally not recommended for AVR. Careful follow-up is needed because symptomatic AS or AVA < 0.75 cm 2 were significantly and independently associated with death. Cancer care teams, cardiologists, surgeons, and patients and their families should be aware of the severity of AS and consider AVR if appropriate.
